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Abstract In an effort to augment the available graft-

ing material as well as to increase spinal fusion rates,

the utilization of a demineralized bone matrix (DBM)

as a graft extender or replacement is common. There

are several commercially available DBM substances

available for use in spinal surgery, each with different

amounts of DBM containing osteoinductive proteins.

Each product may have different osteoinductivity po-

tential due to different methods of preparation, stor-

age, and donor specifications. The purpose of this study

is to prospectively compare the osteoinductive poten-

tial of three different commercially available DBM

substances in an athymic rodent spinal fusion model

and to discuss the reasons of the variability in osteo-

inductivity. A posterolateral fusion was performed in

72 mature athymic nude female rats. Three groups of

18 rats were implanted with 1 of 3 DBMs (Osteofil,

Grafton, and Dynagraft). A fourth group was im-

planted with rodent autogenous iliac crest bone graft.

The rats were sacrificed at 2, 4, 6, and 8 weeks. A dose

of 0.3 cm3 per side (0.6 cm3per animal) was used for

each substance. Radiographs were taken at 2 weeks

intervals until sacrifice. Fusion was determined by

radiographs, manual palpation, and histological analy-

sis. The Osteofil substance had the highest overall fu-

sion rate (14/18), and the highest early 4 weeks fusion

rate of (4/5). Grafton produced slightly lower fusion

rates of (11/17) overall, and lower early 4 weeks fusion

rate of (2/5). There was no statistically significant dif-

ference between the rate of fusion after implantation

of Osteofil and Grafton. None of the sites implanted

with Dynagraft fused at any time point (0/17), and

there was a significantly lower fusion rate between the

Dynagraft and the other two substances at the six-

week-time point and for final fusion rate (P = 0.0001,

Fischer’s exact test). None of the autogenous iliac crest

animals fused at any time point. Non-decalcified his-

tology confirmed the presence of a pseudarthrosis or

the presence of a solid fusion, and the results were

highly correlated with the manual testing. Although all

products claim to have significant osteoinductive

capabilities, this study demonstrates that there are

significant differences between some of the tested

products.
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Introduction

Spinal surgery using autogenous bone graft is currently

the standard method of fusion and is a common pro-

cedure for spinal pathology. Despite being the optimal

graft solution, autogenous graft is associated with a

certain rate of pseudarthrosis, and the potential com-

plications and morbidity from the donor site harvesting

[20, 27]. Because of these two major problems, bone

graft extenders or replacements are commonly used to
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increase the biological potential for improvement in

fusion success.

Demineralized bone matrix derived from human

tissues has demonstrated the ability to aid in the

stimulation of an osteoinductive response allowing for

improved bone growth and fusion [3–5, 8, 16, 23]. In an

effort to augment the available grafting material as

well as increase fusion rates, the utilization of a

demineralized bone matrix (DBM) as a graft extender

or even as a graft substitute has become more common

[4, 11, 12]. These materials contain the osteoinductive

proteins derived from human bone and have the po-

tential to aid in the formation of a spinal fusion.

There are several commercially available DBM

substances available for use in spinal surgery, each with

different amounts of DBM containing osteoinductive

proteins. Additional variability exist in preparation of

products from human donor bone, which may cause

variation in their osteoinductivity.

The athymic rat spinal fusion model has been shown

to be the ideal situation in which to test substances

containing human DBMs as the rats cannot reject the

human tissues and allow for each substance to be used

in its direct, unaltered, ‘‘off the shelf’’ form. This per-

mited a fair comparison of each material, which is used

in the form available for use in human spine surgery in

previous studies [6].

Several types of commercially available DBM

products have been tested by using this animal model

[9, 14] and a rabbit model [11, 12] revealing various

fusion rates. The previous studies have concluded that

significant differences may exist among commercially

available DBMs in forming a spinal fusion. The dif-

ferent osteoinductive capability of these products has

been explained as a consequence of the processing of

the products and the carrier media used [9, 10, 14]. Lot

variability due to the age, quality of bone and genetic

background of the donor has also been claimed to be

an important factor affecting the osteoconductivity but

has not been studied extensively.

The purposes of this study were to compare the

ability of three commercially available DBM products

to fuse an athymic rat spine in a posterior-lateral in-

tertransverse process model, and to discuss the possible

reasons of variability of fusion rate in different com-

mercially available DBM products.

Materials and methods

Overview

All protocols utilized for this experiment were

approved by the animal research committee at our

institution. Seventy-two mature (3–4-months old) a-

thymic nude female rats were used in this study (175–

240 g, Harlan Sprague Dawley, IN). A posterolateral

fusion procedure was performed and each rat was im-

planted with one of three commercially available DBM

products or autogenous bone graft taken from the iliac

crest. Three different commercially available demin-

eralized bone products were used: Dynagraft putty

(GenSci Regeneration Sciences Inc., Irvine, CA),

Grafton putty (Osteotech Inc., Eatontown, NJ), and

Osteofil allograft bone paste (Medtronics Sofamor

Danek, Memphis, TN). These demineralized bone

matrices were obtained in the sterile, factory-sealed

packaging for use in humans. Each was obtained di-

rectly from the operating room, unopened, and ready

for implantation. All the products used from one

company had the same lot number demonstrating that

the material was prepared from the same cadaver

bone. The autogenous bone graft was taken from iliac

crest of the same animal. The following groups were

tested: Group one had Osteofil paste (n = 18); Group

two had Grafton putty (n = 17, one rat died from

anesthesia complications in the post-operative period);

Group three had Dynagraft putty (n = 17, one rat died

from anesthesia complications in the post-operative

period); Group four had autogenous iliac crest bone

graft (n = 18). According to a pre set schedule, rats

were sacrificed at 2, 4, 6, and 8 weeks after their pos-

terolateral fusion and implantation procedure.

Surgical technique

The same surgeon performed all of the procedures.

Athymic rats were anesthetized utilizing a combination

of ketamine (0.054 mg/g) and xylazine (0.01 mg/g), and

a posterior midline approach was used over the distal

lumbar spine. Two separate fascial incisions were made

3 mm from the midline. A muscle-splitting approach

was used lateral to the facet joints to expose the

transverse processes of L4 and L5. A high-speed burr

was used to decorticate only the transverse processes.

The surgical site was then irrigated with sterile saline

and an antibiotic solution.

Bone graft in the control group was harvested from

the iliac crests. Through the fascial incisions noted

above, the iliac crests were exposed. A ronguer was

then used to harvest approximately 0.3 cm3 of corti-

cocancellous bone from each iliac crest and the bone

was later morcelized.

DBM graft materials were prepared and implanted

between the transverse processes bilaterally in the

paraspinal muscle bed in test animals while autograft

was placed in the same manner in control animals. An
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aliquot equal to 0.3 cm3 was placed on each side of the

prepared site for a total of 0.6 cm3 of graft material for

each animal. The fascia and skin incisions were closed

utilizing a 3–0 absorbable suture. The rodents were

housed in separate cages, allowed to eat and drink ad

libitum, while their health status was monitored on a

daily basis.

Determination of fusion

Radiographs were taken at 2, 4, 6, and 8 weeks time.

Characterization of the osseous union was determined

by radiographic evidence of bridging, trabecular bone

between the transverse processes.

Fusion was determined by manual palpation of the

osseous mass between the transverse processes at the

time of sacrifice. Explanted lumbar spines were man-

ually tested for intersegmental motion by three inde-

pendent observers blinded to the treatments. Any

motion detected for either side between the facets or

between the transverse processes of L4 and L5 by

manual testing was considered a failure of fusion. The

absence of motion (right and left) was considered

successful fusion. These findings were correlated and

confirmed by histological studies.

Histology

Non-decalcified longitudinal histological sections cut

along the transverse processes of L4 and L5 and the

intervening tissue were also taken of each specimen.

Lumbar spine specimens were dissected down to indi-

vidual fusion masses, and the entire lumbar spine was

placed in 40% ethanol. They were sequentially dehy-

drated in ethanol solutions including 100% ethanol

times three and then embedded in polymethylmeth-

acrylate (PMMA).

Spines embedded in PMMA were sectioned sagitally

using the Exakt saw with Precision Parallel 300 cP

motorized specimen holder. Sections measuring

approximately 120 lm were cut through the spinous

processes. These were mounted to white acrylic slides

using a thin layer of cyanoacrylate. The sections were

thinned to approximately 50 lm using a Buehler

grinding wheel and decreasing grades of silicon carbide

grinding papers (240–600 grit), followed by a polishing

pad and Gamma Micro polish� alumina 3B to achieve

a highly polished appearance. The sections were etched

using 10% Formic Acid for 1 min, rinsed in running

water, stained with 1% aqueous Toluidine Blue stain

for 3 min, and then rinsed under tap water until the

water ran clear.

Following air drying, the sections were examined

microscopically. A specimen was considered fused

histologically if trabeculae were seen to span the region

between the transverse processes. If a gap was noted,

the specimen was deemed not fused. The histologists

grading the specimens were blinded to treatment as

well as the results of manual testing for fusion.

Statistical analysis

Fusion ‘‘rates’’ (proportion of rats with fusion) were

compared using Fisher’s exact test since all such com-

parisons were between two independent groups of rats.

No adjustments were made for multiple comparisons in

this exploratory study. A P < 0.05 was considered sig-

nificant for any one comparison.

Interobserver reliability was assessed by reporting

both the observed agreement and by computing the

kappa statistic. The kappa statistic corrects the ob-

served agreement for possible chance agreement

among observers.

Results

The results of the manual testing and non-decalcified

histology fusion rates are presented in Table 1 and

fusion rates as determined by radiographs are pre-

sented in Table 2. The animals implanted with Osteofil

paste demonstrated slightly higher overall fusion rates

when compared to the Grafton without statistical sig-

nificance (P < 0.05), while no fusion was observed for

rats implanted with Dynagraft putty at any time of

sacrifce

In the Osteofil group, no evidence of fusion was seen

at the two-week-time point, but there were 4/5 sites

fused by 4 weeks time. This fusion rate increased to 7/8

for rats sacrificed at the six-week-time point. A smaller

Table 1 Fusion rates as determined by manual testing and non-
decalcified histology

Sacrifice
time
(weeks)

Osteofil
paste
(n = 18)

Grafton
putty
(n = 17)

Dynagraft
putty
(n = 17)

Autograft
(n = 18)

Fusions Fusions Fusions Fusions

2 0/1 0/1 0/1 0/1
4 4/5 2/5 0/5 0/5
6 7/8 7/7 0/7 0/8
8 3/4 2/4 0/4 0/4
Totals 14/18 11/17 0/17 0/18

One each of the Grafton and Dynagraft rats died in the imme-
diate post-operative period due to complications related to
anesthesia
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group at 8 weeks time showed 3/4 fusion for a final

fusion rate of 14/18 for all the animals receiving osteofil

in this study. All fusions revealed by manual testing

demonstrated radiographic healing which correlated

with the histological findings. A radiograph of a suc-

cessful fusion is shown in Fig. 1, and the histological

section is shown in Fig. 2. Each rat with a pseudarth-

rosis appeared to have bone formation around each

transverse process, but this bone failed to bridge the

gap between L4 and L5 completely to restrict motion.

Grafton putty demonstrated similarly high fusion

rates with a slightly lower but statistically insignificant

(P < 0.05) final fusion rate compared to Osteofil paste.

Again, there was no fusion at two-weeks-time. At the

four-week-time point, the Grafton group had 2/5 fu-

sions, which increased to 7/7 fusions at 6 weeks time.

The smaller group at 8 weeks had a fusion rate of 2/4.

Finally, the fusion rate for all the animals receiving

Grafton in this study was 11/17. There was no statisti-

cally significant difference in the fusion rates between

the animals receiving grafton and those receiving os-

teofil (P < 0.05) at any time point.

Again, the animals with a fusion had radiographs

(Fig. 3) and histological studies (Fig. 4) demonstrating

a solid osseous bridge between the transverse processes

of L4 and L5. The animals with a pseudarthrosis typi-

cally had some new bone formation around each

transverse process, but not a solid fusion.

Dynagraft putty did not demonstrate a solid fusion

in any of the animals at any of the time points Each

animal developed a pseudarthrosis, which had gross

motion on manual palpation and a radiolucent line on

the radiographs between the transverse processes of L4

and L5, an example of which is demonstrated in Fig. 5.

The histological studies confirmed the presence of non-

unions in all rats at all sacrifice times as shown in

Fig. 6. There was a significant difference in the fusion

rates between Dynagraft (fusion rate = 0) and the

other two test substances at the six-week-time point

Table 2 Fusion rates for the four groups as determined only by
radiographs

Sacrifice
time
(weeks)

Osteofil
paste
(n = 18)

Grafton
putty
(n = 17)

Dynagraft
putty
(n = 17)

Autograft
(n = 18)

Fusions Fusions Fusions Fusions

2 0/1 0/1 0/1 0/1
4 3/5 3/5 3/5 0/5
6 6/8 6/7 0/7 0/8
8 3/4 2/4 0/4 0/4
Totals 12/18 11/17 3/17 0/18

The results differ from those confirmed by histology primarily in
the Dynagraft group at the four-week-time period where fusion
appeared present on radiographs, but was not actually present

Fig. 1 Anterior–posterior radiograph of a rat successfully fused
with Osteofil at 6 weeks time. Note the large intertransverse
osseous fusion at L4–L5

Fig. 2 Sagittal histology section of the fusion mass connecting
the transverse processes of L4–L5 after fusion with Osteofil.
Note the new osseous bridging bone demonstrating a healed
fusion
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and the final fusion rate (P < 0.001 for either com-

parison)

The autogenous iliac crest bone grafted sites were

not fused at any of the time points. The Osteofil and

Grafton fusion rates were significantly higher than the

autogenous graft group (P < 0.001 for either compari-

son) at the six-week-time point and the final fusion

rate. The Dynagraft and autogenous fusion rates were

both zero and therefore the same.

Fusion was judged by three observers by manual

palpation, radiographs, and non-decalcified histology.

There was a 93% agreement overall for the six- and -

eight-week-time points of manual palpation versus

histology (j = 0.879), manual palpation versus radio-

graphs (j = 0.767), and radiographs versus histology

(j = 0.878).

On manual inspection, all spines that were manually

fused contained a large fusion mass completely filling

Fig. 3 Anterior-posterior radiograph of a rat successfully fused
with Grafton at 6 weeks time. Note the large intertransverse
osseous fusion at L4–L5

Fig. 4 Sagittal histology section of the fusion mass connecting
the transverse processes of L4–L5 after fusion with Grafton.
Note the new osseous bridging bone demonstrating a healed
fusion

Fig. 5 Anterior–posterior radiograph of a rat after attempted
fusion with Dynagraft at 6 weeks time. Note the pseudoarthrosis
and lack of bony bridging at L4–L5
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the intertransverse lateral ‘‘gutter’’ protruding well

above the surface of the transverse processes.

Non-decalcified histology confirmed the presence of

a pseudarthrosis or the presence of a solid fusion, and

these results correlated with the manual testing.

Radiographic evaluation was less sensitive than

histology in confirming the presence of a fusion by

manual testing. Of interest, at the four-week-time

point, over half of the Dynagraft animals were ‘‘over-

called’’ in that a fusion appeared present on radio-

graphs while the spines were grossly loose on manual

palpation. This ‘‘overcalling’’ a fusion mass did not

occur at later time points. This discrepancy might be

due to the radioopaque quality of the Dynagraft

material itself, which may mimic induced bone for-

mation early on. Kappa statistics correlated with this

finding demonstrating the poor correlation of the

radiographs versus the histology and manual palpation

(j = 0.4749). In addition, when the Dynagraft group

was compared to the other groups in terms of agree-

ment between the radiographs versus manual palpation

and histology, the dynagraft group had significantly less

correlation than the other two substances (P < 0.05).

Discussion

A direct comparison of ‘‘off the shelf’’ and unaltered

form of three commonly used DBM products in the

current study revealed differences in the osteoinduc-

tive potential. Among them, dynagraft putty has been

tested for the first time in a spinal fusion animal model

while the latter two have been tested several times.

Dynagraft putty consistently failed to induce a suffi-

cient osteoinductive response to bridge the transverse

processes completely for fusion at any time. The Os-

teofil paste material appeared to induce a faster fusion

at earlier time points, and a more reliable fusion at

later time points. On the other hand, there was no

significant difference between Osteofil and Grafton

putty in fusion rates at any time points.

Controversy still exists concerning the influence of

different variables in DBM osteoinductivity. Several

factors are expected to influence the osteoinductive

properties of a DBM product. Each product in the

current study contained different amounts of DBM,

and this amount did not correlate with the ability of

each substance to consolidate a spinal fusion. The os-

teoinductive potential of each substance in the fusion

area is most likely related to many factors such as

differences in preprocess handling [2, 17, 26], varying

demineralization times [7] final particle size [15, 18]

terminal sterilization [19, 25] and the differences in the

carrier [9, 14, 17, 21] all of which were the important

variables in the products tested.

It is important to note that this model of spinal fu-

sion is difficult to fuse and requires a material with

significant osteoinductive ability to induce a solid

arthrodesis. The results allow for a comparison of the

three materials in their osteoinductive ability in a

spinal fusion model, but do not necessarily demon-

strate that the least effective material has no osteoin-

ductive ability. We believe that interpretation of this

data should note that the least effective DBM material

was inferior to the other two substances in its osteo-

inductive potential, but was not worse than autogenous

graft in the current study. Zero percent fusion rate in

our study by using autograft was consistent with the

same result of two previous studies [9, 24], while one

study [6] reported 30% fusion rate evaluated by man-

ual palpation. However, fusion rate was reported to be

10% in the same study according to the histological

analysis. We believe that manual palpation only may

not give the accurate fusion rate and should be con-

sistent with the more objective results of histology as in

the current and the two previous studies reporting 0%

fusion rate [9, 24]. Therefore, we think that the fusion

rate in the literature is pretty consistent as no or very

little fusion with autogenous graft.

Two products (Osteofil and Grafton) have been

tested in two previous studies using the same amount

of DBM on the same animal model and the surgical

technique [9, 14]. One other study using the same

animal model but a different placement technique in a

different anatomical place has also compared the os-

Fig. 6 Sagittal histology section of a pseudarthrosis between the
transverse processes of L4–L5 after attempted fusion with
Dynagraft. Note the paucity of bone formation and no bridging
fusion at the L4–L5 level
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teoinductivity of Osteofil and Grafton products [21].

Peterson et al has tested three different kinds of DBM

products in athymic rat spine fusion model [14]. The

authors reported a 100% fusion rate by the use of

grafton putty, which provided the highest fusion rate.

The authors have used two different batches of grafton

to prevent the lot variability. In another study from the

same center, comparing eight different products using

the athymic rat spine fusion model, Lee et al. reported

a 60% fusion rate with osteofil and 80% fusion rate

with grafton putty [9]. The authors have stated that

there was a statistically significant difference in the rate

of fusion among the groups (P = 0.04). The fusion rates

for the two products in three studies including the

current study, within exactly the same model, revealed

60–78% fusion rate for osteofil and 65–100% fusion

rate for grafton putty. In a recent study comparing the

osteoinductive properties of the two products in athy-

mic rat model, the authors implanted both DBM

products intramuscularly [21]. They reported a signifi-

cantly higher osteoinductivity score for osteofil when

compared to grafton (P < 0.01). These results in the

same animal model are obviously conflicting and

probably reflecting the variability in the efficacy of

different batches of the same product considering that

the preparation was unique for each batch of the same

product. Concentration of osteoinductive proteins in

the bone matrix of the individual donor, the intrinsic

osteoinductive potential of the individual donor and

genetical differences in expressing the bone morpho-

genetical proteins may play an important role for the

osteoinductive properties of DBM products. Age of

the donor is another controversial issue for the efficacy

of DBM with conflicting reports in the literature [1, 13,

22]. Most commercial tissue banks do not generally

evaluate the degree of bone forming potential of their

DBM prior to distribution. There are several in vivo

and in vitro ways of assesing the osteoinductive

potentials of DBM, however there seems to be no

reliable, easy to handle and rapid method to estimate

accurately the bone forming potential of DBM. We

believe that the lot differences may play an important

role in the fusion rate of each DBM product of the

same company and this should be more extensively

studied in the future. Moreover the need for a specific,

sensitive and reliable screening assay of the osteoin-

ductive properties of DBM and objective information

of each product’s osteoinductivity is obvious.

In conclusion, our study comparing three different

products of DBM demonstrated different efficacies of

osteoinductivity most likely due to the different

processing procedures. We also observed that two

products tested in this study performed differently

when compared to the results of other studies in the

pertinent literature testing the same product prepared

with the same processing procedures. We hypothesize

that the difference in efficacy of the same products in

the same animal model may reflect the variable oste-

oinductivity potential of different donors despite the

same processing procedures. This fact should further

be analyzed in well-designed studies. The differences in

osteoinductivity between the different products and

inconsistencies of fusion rates between the different

lots of the same products, question the reliable use of

DBM in spinal surgery.
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